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^= (54) Title: PASSIVE THERMAL TRANSFER OF SUBSEA ELECTRONICS 




"■^ (57) Abstract: A prcteurt ve&sei (1> for passive conduction of heat geneniz^ by cumiu-cairying co: aponencs (5) inside the vciiscl 
shell (3) is disclosed. Tbe ciirrem-<:^utyiiig components (5) ffiounied to at least one beat conduct} ag cinncnt (2), wta^cb at least 
one heat conducting clement (2) is placed dicumfefentially against the inner wall (4) of the vessel 55i ell (3). Each heat conducrtng 
clement (2) has an outwardly fuciag suiface (6) wfaich is complemeota/y to die internal wall surface of the ve&&el shell (3) and the 
outwardly facing suifacc (6) is in direct conducting engagement with the imenud wall surface of tite vessel shell (3). as passive 
conduction of heat only occurs. 
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PASSIVE THERMAL TRANSFER OF SUBSEA ELECTRONICS 

The present invention relates to a pressure vessel for passive conduction of lieat 
generated by current-cairying components inside the vessel shell. 

Electronics and electrical power cont^^onents will always be associated witb generation 
of heat. The heat generated will be detrimental to the peifoimance and reliattility of 
operation of the equipment if the heat is not dissipated by method of cooling either by 
natural or forced thermal transfer. 

Cooling of electronics is nonnally achieved by either radiation/natural convi.^tion from 
- - - -a heat source to the surrounding ambient air, by utilising a fan for creating forced 
convection to the air or by transfemng the generated heat by forced convect on to a 
liquid that is pumped in a closed loop and dissipated in a heat exchanger. 

Power distribution and control technology of oil and gas processing is currently in the 
process of being adapted to the subsea environment. This application requires the 
highest possible system reliability and availability due to the cost associated with 
retrieval, maintenancd and production downtime. 

Any components employed in addition to the primary components such as aai auxiliary 
cooling system, will inherently cause failure at some point in time. To reduc»5 the risk 
for £ulure, servicing will be required to maintain the reliability of operation. The system 
will also require space and thus adding weight and cost to the subsea packag 

The subsea environment provides a natural heat sink since the temperature i£ low at 
water depths relevant for oil and gas production. The water will typically be about 4 
degree Celsius and is constant 

Application of power distribution and control will require all the system componrats 
shielded from the seawater environment. 

From US patent 4.1 84.539 is an electronic card moxmt and heat transfer assembly for 
imderwater vehicles known. A plurality of electronic circuit cards are edge n ounted in 
heat transfer relation to a pair of spaced parallel card mounting plates extend ng from a 
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bulkhead of an underwat^ mstnunentation vehicle hull having a tubular c<»ver section 
adapted to be moved into and out of coveting relation to the cards and momting plates. 
Spring biased slip plates provide heat transfer paths from the mounting plates to the 
cover section for dissipation to arobient water. 

According to the invention, it is found feasible to have a passive cooling s^'stem as an 
integrated part of a subsea power distribution system, thus avoiding the adiled 
complexity associated with a utility cooling system. 

This is achieved with a pressure vessel according to the introductory passage above, 
which is distinguished in that the current-carrying components are mounted to at least 
one heat conducting element, which at least one heat conducting element is placed 
circumferentially against the inner wall of the vessel shell and each heat conducting 
element has an outwardly facing surface which is complementary to the inlsraal surface 
of the vessel shell and the outwardly facing surface is in direct conducting imgagement 
with the internal surface of the vessel shell, as passive conduction of heat only occur. 

For easy removal and replacement, the at least one heat conducting elemen'. can be 
expanded to the internal surface of the vessel shell without further fixing msans. It is 
kept in place by means of the expanding etTect of the element or elements c nly . 

In one prefisired embodiment is the at least one heat conducting element arranged with a 
gap in the longitudinal direction thereof and expanding means are provided in the gap 
and the expanding means are expanding the at least one beat conducting element 
outwardly and thtis against the internal surface of the vessel shell. 

In order to achieve best possible heat conduction, the at least one heat cond icting 
element can be manufactured of any suitable thermal conductive material such as 
carbon-composite or aluminum. 

For best possible performance, also the vessel shell can be manufactured of any suitable 
thermal conductive material like the following materials; carbon-composite . high-grade 
steel or titan. 
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To avoid possible air pockets or areas having little or absent contact, a ge paste or 
similar can preferably be provided at the interface between the outwardly facing svirface 
of the at least one heat conducdng element and the internal surface of the vessel shell. 

In one embodiment the vessel shell can have a cylindrical central part and a 
hemispheiica] part m each end. The vessel shell is, however, not limited t^ this external 
design, and can per se be oval, truncated cylindrical, parallelepipedic or cfany suitable 
design. 

The vessel shell can be bi divided and each part comprises a flange havin;; means for 
securing the parts together. 

In one embodiment the outer wall of the vessel shell can on at least porticas of the 
surface thereof be provided with cooling promoting means, like cooling fins. Cooling 
fins will increase the manufacturing costs and will only be used when moore cooling is 
required. 

Other and further objects, features and advantages with the present invent on will 
appear firom the following description of a prefcn^d embodiment of the in venlion, 
which is given for the purpose of description, without thus being limiting, and given 
together with the appended di^wings^ where: 

Fig.l shows a pressure vessel according to the invention with the one half of the vessel 
shell lifted off, 

Fig.2 shows the assembly of the heat conducting elements and electronics, elctrical 
power components, and 

Fig.3 shows a transversal cross section of the pressure vessel. 

Fig-1 shows one embodiment of the pressure vessel 1 including a vessel shell 3 and 
internal heat conducting elements 2 to which the electronics and/or power components 5 
are mounted. The illustrated vessel shell 3 has a design which comprises s cylindrical 
central section and a hemispherical section in each end- The vessel shell 3 is bidivided 
and each section has a circumscribing end flange 9 in the end opposite to the 
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hemispherical sectioiL During assembly of the vessel 1, the flanges 9 are b -ought 
together and kept in sealing relation with each other by means of sealing means and 
fixing means like bolts or clamps around the flanges 9, 

It is to be understood, however, that the design of the vessel shell 3 is not material and 
all suitable designs are possible, like tnmcated cylindrical, oval, parallel^ipedic, etc. In 
addition, the outer.surface of the vessel shell 3 may be provided with coolizig promoting 
means, like cooling fins or similar means increasing the external surface ansa of the 
vessel 1. 

This embodiment includes six beat conducting elements 2 extending in parsillell in the 
longitudinal direction of the vessel shell 3. The elraients 2 are placed circumferentially 
against the mtemal wall 4 of the vessel shell 3 and are spaced apart with a small 
longitudinal gap 7 therebetween. A nomber of springs 8 are mounted in the gap 7 
between the heat conducting elements 2 thus expanding the heat conducting; elements 2 
outwardly against the xnteroaJ wall 4 of the vessel shell 3. This expanding a.:tion is 
sufficient to keep the heat conducting elements 2 in place against the interns J wall 4 of 
the vessel shell 3 without further fixing means. This makes installation and i-eplacement 
of internal components 5 easy and conveni^t. 

In another embodiment, fixing means may be provided to securely fix the hc:at 
conducting elements 2 to the internal wall 4 of the vessel shell 3. Also abutment means 
can be provided in the internal wall 4 of the vessel shell 3 to keep the heat cimducting 
elemaits 2 in place in the longitudinal direction of the vessel 1. 

The vessel 1 is designed to withstand the surrounding water pressure. High f-ressure 
penetration equipment allows for power supply and communication with the equipment 
within the vessell. 

1 

The intemal environment of the vessel 1 consists of an inert atmosphere mai itained at 
low pressure. 

Fig. 2 shows the electric components 5 generating heat assembled to an array of six 
cyhndrical elements 2 or segments 2 made of a suitable conductive material, e,g. 
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carbon-fibre, aluminum, or any suitable material able to provide substantia thermal 
transfer. 

The ninnber of segments 2 can be from one and up. If only one is used, tbi 3 need to 
have one longitudinal gs^ 7 in order to obtain the ej^anding action. The one or more 
segments 2 may or may not be arranged to fully circumscribe the cylindricil part of the 
vessel shell 3. 

Fig J shows the intimate contact between the outwardly facing surface 6 olthe 
segments 2 and the internal wall 4 of the vessel shell 3. The outer surface 6 of the 
segments 2 are arcuated to be coplementary to the curvature of the internal wall 4 of the 
vessel shell 3. It is material that the contact of the outer surface 6 of the segments 2 
against the internal wall 4 of the vessel shell 3 is as extensive as possible. 

In order to ensure this extensive contact, a gel, paste or similar having high heat 
conductivity may be coated on the outer surface 6 of the segments 2 or the ntemal wall 
4 surface of the vessel shell 3, This improves the heat conduction and elimiiates 
possible void spaces. 
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Patent 



claims 



1. 



Pressure vessel (1) for passive conduction of heat generated by cuirent-ca ntymg 
components (5) inside &e vessel shell (3), characterised In that the cumdit-carTying 
components (5) are moimted to at least one heat conducting element (2), 'vhich at least 
one heat conducting element (2) is placed circumferentially against the in ier wall (4) of 
the vessel shell (3) and each heat conducting clement (2) has an outwardly facing 
surface (6) which is complementary to the internal wall surface of the ves sel shell (3) 
and the outwardly facing surface (6) is in direct conducting engagement vith the 
internal wall surfece of the vessel shell (3)^ as passive conduction of heat ^nly occur. 

2. 

Pressure vessel according to claim 1, characterised in that the at least or e heat 
conducting element (2) is expanded to the intemal wall (4) surface of the vessel shell (3) 
without further fixing means. 



Pressure vessel according to claim 1 or 2^ characterised in that the at lesjst one heat 
conducting element (2) is airanged with a gap (7) in the longitudinal direction thereof 
and that expanding means (S) are provided in ihe gap (7) and the expandijig means (8) 
are expanding the at least one heat conducting element (2) outwardly and thus against 
the intemal wall (4) surface of the vessel shell (3). 

4. 

Pressure vessel according to claim 1^ or 3, characterised in that the at 1 sast one heat 
conducting element (2) is manufactured of carbon-composite or aluminum. 

5. 

Pressure vessel according to claim 1^ or 3, characterised in that the vessel shell (3) is 
manufactured of one among the following materials; carbon-composite, high-grade steel 
or titan. 



3. 
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6. 

Pressiire vessel according to one of the claims l-5» characterised in that a gel, paste or 
similar is provided in the interface between the outwardly facing surface ( S) of the at 
least one heal conducting element (2) and the internal wall (4) surface of lie vessel shell 
(3). 

7. 

Pressure vessel according to one of the claims 1-6, characterised in that he vessel 
shell (3) comprises a cylindrical central part and a hemispherical part ip e^ch end. 

8. 

Pressure vessel according to one of the claims 1-7, characterised in that the vessel 
shell (3) is bidivided and each part comprises a flange (9) having means fcr securing the 
parts together, 

9. 

Pressure vessel according to one of the claims 1-8, characterised in that Ihe outer wall 
of the vessel shell (3) on at least portioxxs of the surface thereof is provided with cooling 
promoting means, like cooling fins. 
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